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Determining soil properties in the shortest possible time is no longer a challenge at present. Among the soil properties 
that can be determined relatively quickly can be mentioned: humidity, pH, soil respiration, enzymatic activity, existing gas 
determination, nutrient requirements, etc. Soil humidity can be determined using capacitive sensors (an air-filled condenser 
can serve as a relative humidity sensor because soil humidity modifies the electrical permissiveness of the air), resistive 
sensors (it contains a relatively low resistivity material that changes significantly in various humidity conditions), hybrid 
sensors (measures both the capacity and the electrical conductivity of the soil). To determine the soil pH it can be used the 
color-changing indicator strip, pH indicator fluid and pH sensor (the principle of measurement is based on the fact that the 
two-fluid interface produces a measurable electrical potential). Determination of soil respiration is carried out by special 
devices called breathing chambers in which CO2 sensors are introduced: sensors for determining the CO2 flux through 
thermal conductivity, solid-state electrochemical sensors, sensors made of different oxide mixtures, membrane sensors 
selective ions and optical sensors. Enzymatic sensors are used to identify and quantify enzymatic activity. The sensor is a 
heated sample, an electrochemical sensor or an optical sensor. The basic operating principle is that an enzyme is fixed to a 
layer in which the substrate is dispersed. The olfactory sensor or electronic nose is less a sensor or instrument and more a 
measurement strategy. All methods of odour measurement can be divided into four groups: instrumental analysis, 
semiconductor gas sensors, potential difference membrane sensors and quartz microbalance method. 
 




1. Humidity sensors - Capacitive sensors 
 
An air-filled capacitor can serve as a relative 
humidity sensor because the humidity in the 
atmosphere modifies the electrical air permitive 









-T represents the absolute temperature (in K),  
-P represents the wet air pressure (in mm Hg),  
-Ps represents the pressure of water vapour  
  saturated at temperature T (in mm Hg),  
-H represents the relative humidity (in %).  
 
The equation indicates that the dielectric 
constant of wet air, and thus the capacitance is 
proportionate to the relative humidity [1, 4].  
Instead of air, the space between the capacitor 
plates could be replaced by an appropriate insulator 
whose constant dielectric changes significantly in the 
presence of humidity. A hygroscopic polygonal 
membrane could act as capacitive sensor, with 
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metallic electrodes applied to the opposite parts. In 
this case, the insulator could consist of a thin 
membrane of antiprogesterone polymer (8 – 12 μm 
thickness). The size of the membranes is 12x12 mm. 
Electrodes with a diameter of 8 mm could be applied 
in vacuum. The capacitance of such a sensor is 
roughly proportional with the relative humidity H. 
 
2. Humidity sensors - electrical conductivity 
 
The electrical resistance of many non-metallic 
conductors generally depends on their water content. 
This is the basis of the resistive humidity sensor. A 
general concept of the hygrometric conductive sensor 
is that it contains a relatively low resistivity material 
that changes significantly in various humidity 
conditions. The material is located above two 
intercast electrodes to allow a wide contact surface. 
When water molecules are absorbed by the upper 
layer, the resistivity between the electrodes changes 
and can be measured with an electric circuit. The first 
such sensor was developed by F. W. Dunmore in 
1935; it contained a hygroscopic membrane of 2-5% 
aqueous solution Of LiCl. Another example of a 
conductive humidity sensor is the so-called "Pope 
element", which contains a polystyrene membrane 
treated with sulphuric acid to obtain the desired 
characteristics of surface resistivity. 
Other materials used to manufacture 
membrane for conductive humidity sensors are solid 
polyelectrolytes, due to their variable electrical 
conductivity in relation to humidity. Long-term 
stability and repeatability of these compounds, 
although generally not very good, can be 
significantly improved using interposed polymer 
networks. A sample of this membrane, measured at 1 
kHz, resulted in a change in impedance from 10 MΩ 
to 100 Ω at the increase of RH from 0% to 90%. 
A solid humidity sensor could also be 
manufactured on a silicone substrate. Silicone must 
have high conductivity, which allows the 
development of an aluminium electric circuit stored 
on the surface by the vacuum.  
An oxide layer is formed on the surface of the 
conductive aluminium layer, and above it, another 
electrode is formed. The aluminium coating is 
anodized in such a way as to form a porous surface 
of the oxide. The medium cross section of pores is 
enough to allow water molecules to penetrate. The 
upper electrode consists of a porous gold-permeable 
shape of gas and which, at the same time, can allow 
electrical contact.  
Electrical connections are formed with the 
layers of gold and silicone. Aluminium oxide (Al203), 
as numerous other materials, quickly absorbs water 
when in contact with a gaseous mixture containing 
water in vapour state. The quantity absorbed is 
proportional to the partial pressure of the water 
vapours and inversely proportional to the absolute 
temperature [1, 4]. 
 
3. Humidity sensors - Optical Hygrometer 
 
Most humidity sensors manifest some 
repeatability problems, especially hysteresis, with a 
typical value from 0.5% to 1% RH. In precision 
control processes, this could be a limiting factor; 
therefore, the indirect methods of measuring 
humidity should be considered. The most efficient 
technique is to calculate the absolute or relative 
humidity by determining the condensing temperature 
(fog point – Dew point). This point represents the 
temperature at which the liquid and vapor phases of 
the water (or any other fluid from this perspective) 
are in balance.  
The temperature at which the vapour and solid 
phases are in equilibrium is called freezing point. At 
condensing temperature, there is only one value of 
the vapour saturation pressure. Thus, absolute 
humidity could be measured at this temperature 
provided that the pressure is known. The optimum 
method of measuring humidity, at which minimal 
hysteresis effects are present, requires the use of 
optical hygrometry. The cost of an optical 
hygrometer is considerably higher, but the benefit of 
tracking the humidity at lower levels increases the 
efficiency and quality of the product, thus the cost is 
readily justified.    
The basic idea of the optic hygrometer is the 
use of a mirror on the surface of which the 
temperature is accurately adjusted by a 
thermoelectric pump.  
The mirror’s temperature is controlled at the 
threshold level of the fog point. Small quantities of 
air are brought on the surface of the mirror, and if its 
temperature exceeds the fog point, it releases 
humidity in the form of water droplets. The reflective 
properties of the mirror change to water condensation 
because water droplets gently disperse the luminous 
rays. This phenomenon can be detected by a suitable 
photocell. 
 
4. pH sensors 
 
The pH represents the numerical 
representation of Gram-equivalents per liter of 
hydrogen ion concentration in any solution. It varies 
between 0 and 14. It is the logarithmic measurement 
of hydrogen ion moles per liter of solution.  
Solutions with pH value between 0 and 7 are 
acidic solutions with a high concentration of 
hydrogen ions, while solutions with a pH value 
between 8 and 14 are basic solutions with low 
hydrogen concentration.  
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Solutions with a pH value of 7 are neutral 
solutions. pH measurement involves the 
determination of alkalinity or acidity of a solution. 
pH determination can be performed with 
several methods: 
 Using the indicator tape which, when 
placed in a solution, changes its colour. The 
tape is then removed, and the colour is 
compared to a colour on the colour map to 
decide the corresponding pH value. 
 Using a pH indicator fluid where the 
unknown solution is added to the fluid and 
the changed colour of the fluid is compared 
with an already available colour on the 
colour map to decide the pH value. 
 Using a pH sensor if a probe can be simply 
be inserted in the solution and thus reading 
the pH. 
The principle of measuring the pH is since the 
interface of two liquids produces an electrical 
potential that can be measured.  
In other words, when the liquid inside a glass 
enclosure is placed inside a solution other than that 
liquid, there is an electrochemical potential between 
the two liquids [2]. 
The component parts of a pH sensor are: 
1. A measuring electrode –   built of glass, with 
a known pH saline solution inside (pH = 7). 
This generates the readable voltage. 
2. A reference electrode – a glass tube with a 
saline solution inside and a block of mercury 
chloride. This electrode is used for the 
reference signal. 
3. Preamplifier – a signal conditioning device 
that transforms the impedance. It’s role also 
includes eliminating the electrical 
disturbances. 
4. Analyzer – used to display the values of pH 
and temperature (to compensate the changes) 
The electrode is placed inside the flask filled 
with a solution whose pH value should be measured. 
The glass bulb welded at the end of the measuring 
electrode consists of lithium ions attached to it, which 
makes it act as an ionic selective barrier and allows 
hydrogen ions from the unknown solution to migrate 
through the barrier and interact with the glass, 
developing an electrochemical potential depending 
on the concentration of hydrogen ions.  
The potential of the measuring electrode is 
thus modified with the concentration of hydrogen 
ions. On the other hand, the potential of the reference 
electrode does not change with the concentration of 
hydrogen ions and provides a stable potential with 
which the measurement electrode is compared. The 
difference in potential between the two electrodes 
provides a direct measurement of the concentration 
of hydrogen ions or the pH of the system [2]. 
5. Sensors for determining the soil’s respiration 
 
Determining the soil’s respiration is 
performed using special devices named breathing 
chambers. Inside the chamber a CO2 sensor is 
mounted which determines the amount of gas 
generated in the time unit.   
 The determination of CO2 can be done using 
the following types of sensors: 
 Sensors for determination of the CO2 flux 
by thermal conductivity 
 Electrochemical sensors in solid state 
 Sensors made from different oxides 
mixtures 
 Selective ion membrane sensors 
 Optical sensors 
The principle of operation of optical sensors. 
To determine the CO2 this type of sensor 
includes a pyroelectric detector with a porous 
silicone capsule.   
A light source (LED) passes a ray to the 
pyroelectric detector. The intensity of the light that 
reaches the pyroelectric detector is correlated with 
the concentration of carbon dioxide. Variations of 
CO2 are detected by measuring the tension between 
two pyroelectric detection armors, which is 
proportional to the intensity of light. 
The porous silicone capsule represents the 
sensitive element of the sensor. It acts as a filter 
consisting of alternating porous silicon layers with 
different refractions.  
The optical filter is designed to allow the 
propagation of a single wavelength of 4257nm, i.e. 
the wavelength of the carbon dioxide molecule. 
 
6. Biosensors - Chemical sensor (electronic nose) 
 
Electronic noses, or e-noses, represent less a 
sensor or tool and more a measurement strategy. 
Electronic noses became very popular and combine 
advanced sensors, strategies and sensor systems with 
chemometric techniques to produce a wide range of 
intermediate and analysis tools.  
All methods of odour measurement can be 
divided into four groups: instrumented analysis, 
semiconductor gas sensors, membrane odour sensors 
with difference in potential and the quartz 
microbalance method. The last method is 
conceptually closer to the gravimetric sensors. It is 
generally based on a change in the natural frequency 
of the quartz crystal covered with an odour-sensitive 
membrane, and the measurement of the subsequent 
modification. It can be measured by electronic means 
and correlated with the concentration of air freshener. 
 Potentially, this method could identify gases 
similar to human precision (humanlike) because the 
same membrane as the human olfactory (lipid 
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membrane) can be used as an odorizing absorption 
medium of the sensor.  
Olfactory cells and human odour receptors are 
covered with a double-layered phospholipidic 
membrane, a type of lipid membrane. It is considered 
that the molecular absorption of the air fresheners in 
the membrane induces nerve pulses. Using this 
analogy, a man-made odour sensor uses a complex 
PVC membrane, plasticizing and synthetic lipid. 
Synthetic lipidic molecules are randomly oriented in 
the polymer matrix. To produce the sensor, a quartz 
crystal is cut to 14 nm in diameter. Then, the lipid 
complex is prepared as an organic solvent solution 
(Tetrahydrofuran), PVC, Plasticiser (Diotyl-phenyl 
phosphonate), and synthetic lipids. 
 
7. Optical sensors for the determining the nutrient 
requirements 
 
The optical sensors to determine the nutritional 
requirement are used mainly to estimate the quantity 
of nitrogen processed by plants. 
This is based on measuring the light reflection 
of the crop. Measurements shall be taken every 
second with the system designed to operate at normal 
working speeds and at all working widths. The 
detection technology applied in agriculture is based 
on the typical light reflection curve for vegetation. 
This nitrogen sensor measures the reflection of light 
in certain bands and conducts correlation with the 
chlorophyll content of the crop. Following 
determinations, the real absorption of the crop is 
calculated.  
 
8. Research directions – Smart Chemical sensors 
 
Many chemical sensors, both commercial and 
experimental, use a great number of phenomena and 
determination strategies. Current trends in 
microelectronics and programmable controllers will 
lead to the production of "intelligent" chemical 
sensors. The future of chemical sensors will be 
represented by these intelligent devices. A smart 
sensor incorporates certain levels of data processing 
into a direct sensor, distributing part of the 
information to other measuring instruments. This 
offers the possibility to design functional systems 
that do not include many complicated sensors.  
The smart chemical sensor should integrate 
communication systems between devices, local 
deflecting and recalibration capacities, so that the 
remote controlling schemes of the system would only 
receive the measurements.  
A Smart Chemical sensor can also convert the 
units of measure (% to ppm) and report data to the 
unit of measure required by the controller. In this 
way, the same (intelligent) sensor can provide a 
single measurement for different interconnected data 
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